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ABSTRACT 
Systems and methods for processing images to recognize 
characters . Such may include locating background in an 
image which separate lines of characters , and then locating 
background which separate characters . The inter - character 
spaces within a line may be used to determine a probable 
inter - character spacing for the characters . Within each 
detected line , the character having an inter - character spacing 
most similar to the probable inter - character spacing may be 
set as a starting character for classification . Using the 
probable inter - character spacing and the location of the 
starting character , the location of a character adjacent to the 
starting character in a first direction may be determined and 
the character classified . Such process may repeat in the first 
direction until a first end of the line is reached . The process 
may then move to a character adjacent the starting character 
in a second direction and repeat until a second end of the line 
is reached . 
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OPTICAL CHARACTER RECOGNITION machine - readable symbol , producing an analog waveform 
LOCALIZATION TOOL whose amplitude represents the relative darkness and light 

ness of the machine - readable symbol . Two - dimensional 
BACKGROUND CCD or CMOS readers may capture an entire two - dimen 

5 sional image . The image is then processed to find and decode 
Technical Field characters or machine - readable symbols . 
The present disclosure generally relates to computer 

vision , and in particular relates to optical character recog BRIEF SUMMARY 
nition . 

Description of the Related Art 10 An image processor system may be summarized as 
Optical character recognition ( OCR ) is the mechanical or including at least one processor , and at least one nontran 

electronic conversion of scanned or photographed images of sitory processor - readable storage medium communicatively 
alphanumeric or other characters into machine - encoded coupled to the at least one processor and which stores at least 
computer - readable alphanumeric or other characters . OCR one of processor - executable instructions or data , wherein in 
is used as a form of data entry from some sort of original 15 use the at least one processor : receives an image file from the 
data source , such as product packaging ( e . g . , a bag of chips , at least one nontransitory processor - readable storage 
a box ) , books , receipts , business cards , mail , or any other medium , the image file comprising a two - dimensional array 
object having characters printed or inscribed thereon . OCR of pixels , each of the pixels having a pixel value ; partitions 
is a common method of digitizing printed characters so that the image file into a two - dimensional array of regions 
the characters can be electronically identified , edited , 20 comprising a number of rows and a number of columns , 
searched , stored more compactly , displayed on - line , or used each of the regions comprising a plurality of the pixels ; for 
in machine processes such as machine translation , text - to each region , determines a characteristic value indicative of 
speech , verification , key data extraction and text mining . whether the region contains foreground or background ; 

Typically , the OCR process can be viewed as a combi - analyzes the determined characteristic values of the regions 
nation of two main sub - processes : ( 1 ) localization or seg - 25 to identify one or more lines of characters ; for each line of 
mentation and ( 2 ) recognition or classification . The segmen - the identified one or more lines of characters , analyzes the 
tation sub - process locates and “ isolates ” the individual determined characteristic values for the regions within the 
characters . The recognition or classification sub - process line to determine a probable inter - character spacing ; iden 
classifies the characters in question and assigns to each tifies a starting character region based at least in part on the 
character a corresponding alpha - numerical or other charac - 30 determined characteristic values and the determined prob 
ter or symbol . The OCR process is typically divided into two able inter - character spacing ; and recognizes a character 
sub - processes because the classification sub - process is com - within the starting character region . The at least one pro 
putationally expensive , and therefore it is advantageous that cessor may , for each line of the identified one or more lines 
the classification sub - process not be done throughout an of characters , identify an adjacent character region which is 
entire image , but rather only at select locations where the 35 adjacent the starting character region based at least in part on 
segmentation sub - process has detected a potential character . the determined probable inter - character spacing ; and recog 
For high quality images , characters are well separated and nize a character within the adjacent character region . The at 
segmentation sub - process becomes relatively straightfor - least one processor may , for each line of the identified one 
ward . However , often images suffer from perspective dis - or more lines of characters , iteratively identify character 
tortion , curved surfaces , low contrast , high degree of noise , 40 regions adjacent a previously identified character region 
character variation , character skew , variable spacing , back - based at least in part on the determined probable inter 
ground variation , or other non - ideal factors . These factors character spacing and a location of the previously identified 
complicate the segmentation sub - process , and segmentation character region ; and recognize a character within each of 
errors lead to the failure in the recognition sub - process the identified character regions . The at least one processor 
Machine - readable symbol readers or scanners may be 45 may , for each column , analyze the determined characteristic 

employed to capture images or representations of characters values of the regions in the column to identify transitions 
appearing on various surfaces . One commonly used between foreground and background ; and compare the iden 
machine - readable symbol reader is an imager - or imaging - tified transitions in adjacent columns to identify the one or 
based machine - readable symbol reader . Imaging - based more lines of characters . The at least one processor may 
machine - readable symbol readers typically employ flood 50 compare the identified transitions in adjacent columns to 
illumination to simultaneously illuminate the characters , identify a probable angle of orientation for the identified one 
either from dedicated light sources , or in some instances or more lines of characters . The at least one processor may , 
using ambient light . for each line of the identified one or more lines of characters , 
Machine - readable symbol readers may be fixed , for analyze the determined characteristic values to detect tran 

example , readers may be commonly found at supermarket 55 sitions between foreground and background ; and compare 
checkout stands or other point of sale locations . Machine - the detected transitions with the determined probable inter 
readable symbol readers may also be handheld ( e . g . , hand character spacing to identify the starting character region . 
held readers or even smartphones ) , or mobile ( e . g . , mounted The at least one processor may , for each line of the identified 
on a vehicle such as a lift vehicle or a forklift ) . one or more lines of characters , sum the characteristic values 

Imaging - based machine - readable symbol readers typi - 60 of the regions within each column within the line to generate 
cally include solid - state image circuitry , such as charge an intensity profile for the line ; and analyze the intensity 
coupled devices ( CCDs ) or complementary metal - oxide profile to determine the probable inter - character spacing . 
semiconductor ( CMOS ) devices , and may be implemented The at least one processor may , for each line of the identified 
using a one - dimensional or two - dimensional imaging array one or more lines of characters , analyze the intensity profile 
of photosensors ( or pixels ) to capture an image of the 65 to identify transitions between foreground and background ; 
characters or symbols to be recognized . One - dimensional determine a most frequent distance between the identified 
CCD or CMOS readers capture a linear cross - section of the transitions between foreground and background ; and select 
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the determined most frequent distance as the probable characteristic values of the regions within each column 
inter - character spacing . The at least one processor may input within the line to generate an intensity profile for the line ; 
image data corresponding to the starting character region and analyzing , by the at least one processor , the intensity 
into a trained classifier to recognize a character within the profile to determine the probable inter - character spacing . 
starting character region . Analyzing the determined characteristic values for the 

A method of operation in an image processor system for regions within the line to determine a probable inter - char 
recognizing one or more characters in an image file , the acter spacing may further include , for each line of the 
image file including a two - dimensional array of pixels , each identified one or more lines of characters , analyzing , by the 
of the pixels having a pixel value , may be summarized as at least one processor , the intensity profile to identify tran 
including receiving , by at least one processor , the image file 10 sitions between foreground and background ; determining , 
from at least one nontransitory processor - readable storage by the at least one processor , a most frequent distance 
medium communicatively coupled to the at least one pro - between the identified transitions between foreground and 
cessor ; partitioning , by the at least one processor , the image background , and selecting , by the at least one processor , the 
file into a two - dimensional array of regions comprising a determined most frequent distance as the probable inter 
number of rows and a number of columns , each of the 15 character spacing . Recognizing a character within the start 
regions comprising a plurality of the pixels ; for each region , ing character region may include inputting , by the at least 
determining , by the at least one processor , a characteristic one processor , image data corresponding to the starting 
value indicative of whether the region contains foreground character region into a trained classifier to recognize a 
or background ; analyzing , by the at least one processor , the character within the starting character region . 
determined characteristic values of the regions to identify 20 An image processing system may be summarized as 
one or more lines of characters ; for each line of the identified including at least one processor ; and at least one nontran 
one or more lines of characters , analyzing , by the at least one sitory processor - readable storage medium communicatively 
processor , the determined characteristic values for the coupled to the at least one processor and which stores at least 
regions within the line to determine a probable inter - char - one of processor - executable instructions or data , wherein in 
acter spacing ; identifying , by the at least one processor , a 25 use the at least one processor : partitions an image file into a 
starting character region based at least in part on the deter - two - dimensional array of regions comprising a number of 
mined characteristic values and the determined probable rows and a number of columns , each of the regions com 
inter - character spacing ; and recognizing , by the at least one prising a plurality of pixels each including a pixel value ; for 
processor , a character within the starting character region . each region , determines a characteristic value indicative of 

The method may further include for each line of the 30 whether the region contains foreground or background ; for 
identified one or more lines of characters , identifying , by the each column , analyzes the determined characteristic values 
at least one processor , an adjacent character region which is of the regions in the column to identify transitions between 
adjacent the starting character region based at least in part on foreground and background ; compares the identified transi 
the determined probable inter - character spacing ; and recog tions in adjacent columns to identify one or more lines of 
nizing , by the at least one processor , a character within the 35 characters ; compares the identified transitions in adjacent 
adjacent character region . columns to identify a probable angle of orientation for the 

The method may further include for each line of the identified one or more lines of characters ; for each line of the 
identified one or more lines of characters , iteratively iden - identified one or more lines of characters , analyzes the 
tifying , by the at least one processor , character regions determined characteristic values to detect transitions 
adjacent a previously identified character region based at 40 between foreground and background , the transitions being 
least in part on the determined probable inter - character horizontal with respect to the identified probable angle of 
spacing and a location of the previously identified character orientation for the identified one or more lines of characters ; 
region ; and recognizing , by the at least one processor , a analyzes the transitions between foreground and background 
character within each of the identified character regions . to determine a probable inter - character spacing ; compares 
Analyzing the determined characteristic values of the 45 the detected transitions with the determined probable inter 
regions to identify one or more lines of characters may character spacing to identify a starting character region ; and 
include for each column , analyzing , by the at least one recognizes a character within the starting character region . 
processor , the determined characteristic values of the The at least one processor may , for each line of the identified 
regions in the column to identify transitions between fore - one or more lines of characters , identify an adjacent char 
ground and background , and comparing , by the at least one 50 acter region which is adjacent the starting character region 
processor , the identified transitions in adjacent columns to based at least in part on the determined probable inter 
identify the one or more lines of characters . character spacing ; and recognize a character within the 

The method may further include comparing , by the at adjacent character region . The at least one processor may , 
least one processor , the identified transitions in adjacent for each line of the identified one or more lines of characters , 
columns to identify a probable angle of orientation for the 55 iteratively identify character regions adjacent a previously 
identified one or more lines of characters . Identifying a identified character region based at least in part on the 
starting character region may include , for each line of the determined probable inter - character spacing and a location 
identified one or more lines of characters , analyzing , by the of the previously identified character region ; and recognize 
at least one processor , the determined characteristic values a character within each of the identified character regions . 
to detect transitions between foreground and background ; 60 The at least one processor may , for each line of the identified 
and comparing , by the at least one processor , the detected one or more lines of characters , sum the characteristic values 
transitions with the determined probable inter - character of the regions within each column within the line to generate 
spacing to identify the starting character region . Analyzing an intensity profile for the line ; and analyze the intensity 
the determined characteristic values for the regions within profile to determine the probable inter - character spacing . 
the line to determine a probable inter - character spacing may 65 The at least one processor may , for each line of the identified 
include , for each line of the identified one or more lines of one or more lines of characters , analyze the intensity profile 
characters , summing , by the at least one processor , the to identify transitions between foreground and background ; 
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determine a most frequent distance between the identified Unless the context requires otherwise , throughout the 
transitions between foreground and background ; and select specification and claims that follow , the word " comprising ” 
the determined most frequent distance as the probable is synonymous with " including , ” and is inclusive or open 
inter - character spacing . The at least one processor may input ended ( i . e . , does not exclude additional , unrecited elements 
image data corresponding to the starting character region 5 or method acts ) . 
into a trained classifier to recognize a character within the Reference throughout this specification to “ one imple 
starting character region . mentation " or " an implementation " means that a particular 

feature , structure or characteristic described in connection BRIEF DESCRIPTION OF THE SEVERAL with the implementation is included in at least one imple VIEWS OF THE DRAWINGS mentation . Thus , the appearances of the phrases “ in one 
implementation " or " in an implementation ” in various In the drawings , identical reference numbers identify places throughout this specification are not necessarily all similar elements or acts . The sizes and relative positions of referring to the same implementation . Furthermore , the elements in the drawings are not necessarily drawn to scale . 

For example , the shapes of various elements and angles are 15 P 5 particular features , structures , or characteristics may be 
not necessarily drawn to scale , and some of these elements combined in any suitable manner in one or more implemen 
may be arbitrarily enlarged and positioned to improve draw tations . 
ing legibility . Further , the particular shapes of the elements As used in this specification and the appended claims , the 
as drawn , are not necessarily intended to convey any infor singular forms " a , " " an , ” and “ the ” include plural referents 
mation regarding the actual shape of the particular elements , 20 unless the context clearly dictates otherwise . It should also 
and may have been solely selected for ease of recognition in be noted that the term “ or ” is generally employed in its sense 
the drawings . including “ and / or ” unless the context clearly dictates other 

FIG . 1 is a perspective view of a machine - readable wise . 
symbol reader and target object , according to one illustrated The headings and Abstract of the Disclosure provided 
implementation . 25 herein are for convenience only and do not interpret the 

FIG . 2 is a functional block diagram of a machine - scope or meaning of the implementations . 
readable symbol reader , according to one illustrated imple Implementations of the present disclosure are directed to 
mentation . systems and methods for processing video or image data to 

FIG . 3 is a flow diagram of a method of operation for an locate and recognize characters therein . As discussed below , 
image processor system to recognize a plurality of charac - 30 such is achieved by first searching and locating background 
ters represented in a digital image , according to one illus - areas in an image which separate lines of characters ( inter 
trated implementation . line spaces or gaps ) , and second by searching and locating 

FIG . 4A is a diagram of a two - dimensional array of background areas which separate individual characters ( in 
regions of an image which is used to detect one or more lines ter - character spaces or gaps ) . The detected inter - character 
of characters in an image , according to one illustrated 35 spaces within a line of characters may be used to determine 
implementation . a probable inter - character spacing for the characters in that 

FIG . 4B is a diagram of the two - dimensional array of line of characters . Within each detected line of characters , 
regions of FIG . 4B which shows two identified text boxes the character having an inter - character spacing relative to 
which correspond to respective detected lines of characters adjacent characters which is most similar to the determined 
in an image , according to one illustrated implementation . 40 probable inter - character spacing may be determined to be a 

FIG . 5 is a diagram of a two - dimensional array of regions starting character which is classified first using any suitable 
for a line of characters in an image which shows the classifier ( e . g . , decision tree , neural network , support vector 
summation of variance levels for a plurality of columns in machine , k - nearest neighbor ) . After the starting character is 
the array used to determine inter - character spacing between classified , the position and / or shape of character box for that 
characters in the line of characters , according to one illus - 45 character may be refined using the specific classified char 
trated implementation . acter . Such allows for greater precision when estimating the 

FIG . 6 is a graph which shows intensity levels for location of an adjacent character box . For example , the 
columns of regions in the array of FIG . 5 , according to one character “ i ” is much narrower than many other characters , 
illustrated implementation . so by using the character ' s precise location and / or shape , the 

FIG . 7 is a schematic diagram of two characters which are 50 spacing between the character and an adjacent character may 
classified using a decision tree classifier which implements be more accurately determined after the classifier has rec 
progressive horizontal and vertical scans , according to one ognized the character . Each character “ box ” may be a 
illustrated implementation . generic shape of a number ( e . g . , 4 ) of sides , dependent on 

the tilt , skew , geometric distortion , etc . , of the character . 
DETAILED DESCRIPTION 55 Such allows for high performance classification even under 

poor acquisition conditions . 
In the following description , certain specific details are set Using the determined probable inter - character spacing 

forth in order to provide a thorough understanding of various and the actual location of the classified starting character , the 
disclosed implementations . However , one skilled in the location of a character adjacent to the starting character in a 
relevant art will recognize that implementations may be 60 first direction ( i . e . , left , right ) may be determined so that the 
practiced without one or more of these specific details , or adjacent character may be classified . This process may 
with other methods , components , materials , etc . In other repeat in the first direction until a first end of the line of 
instances , well - known structures associated with machine - characters is reached . The process may then move to a 
readable symbol readers , computer systems , and / or commu - character adjacent to the starting character in a second 
nications networks have not been shown or described in 65 direction opposite the first direction and repeat the locating 
detail to avoid unnecessarily obscuring descriptions of the and classifying acts until a second end of the line of 
implementations . characters is reached . 
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FIG . 1 shows a handheld machine - readable symbol reader 208 and the OCR classification logic 210 are implemented 
or scanner 100 acting upon a target object 102 labeled with by multiple processors , by hardware , or by any combination 
multiple lines of characters 104 ( e . g . , alphanumeric ) . The thereof . Generally , the OCR localization logic 208 and the 
reader or scanner 100 may be an imaging based machine OCR classification logic 210 may be implemented in any 
readable symbol reader , for example . The handheld 5 suitable manner , including hardware , software , electrical 
machine - readable symbol reader 100 includes a gripping circuitry , firmware , on an application specific integrated 
portion 106 shaped and sized to be grasped by an operator ' s circuit ( ASIC ) , on a programmable gate array ( PGA ) , or any 
hand and a scanning head portion 108 extending from an combination thereof . 
upper portion 110 of the gripping portion . A lower portion The image formation subsystem 202 includes imaging 
112 of the gripping portion 106 may be shaped and sized to 10 circuitry 212 , imaging or receiving optics 214 including one 
be received in a docking station ( not shown ) . The machine or more imaging or focusing lens , and an image sensor or 
readable symbol reader 100 includes a front wall region 114 pixel array 216 . The focusing lens of the receiving optics 
on the scanning head portion 108 . The scanning head portion 214 focuses light reflected and scattered from the target 
108 also includes a transparent window 116 present on the characters 104 through an aperture onto the pixel / image 
front wall 114 behind which is positioned an image forma - 15 sensor array 216 . Thus , the receiving optics 214 focus an 
tion subsystem , as discussed below . image of the target characters 104 ( assuming the characters 

The machine - readable symbol reader 100 may be used in are within the FOV ) onto the array of pixels comprising the 
at least one of a handheld mode or a fixed position mode . In pixel array 216 , thereby enabling the pixel array to capture 
the fixed position mode , the reader 100 may be received in an image of a target object 102 within a FOV of the image 
a docking station and the target object 102 having characters 20 formation subsystem during an exposure period . The FOV 
104 may be brought within the angular field of view ( FOV ) of the image formation subsystem 202 may be a function of 
of the machine - readable symbol reader to have the reader both the configuration of the sensor array 216 and the optical 
100 read or detect the characters 104 . In the handheld mode , characteristics of the receiving optics 214 and the distance 
the reader 100 may be carried by an operator and positioned and orientation between the array 216 and the receiving 
such that the surface of the target object 102 carrying the 25 optics . 
characters 104 is within the field of view ( FOV ) of the The sensor array 216 may include a charged coupled 
reader . In the handheld mode , imaging and decoding of the device ( CCD ) , a complementary metal oxide semiconductor 
target characters 104 may be initiated by the operator ( CMOS ) , or other imaging pixel array , operating under the 
depressing a trigger 118 , for example . control of the imaging circuitry 212 . 
For the purpose of this description , a handheld imaging 30 The machine - readable symbol reader 200 includes an 

based machine - readable symbol system is discussed . How aiming subsystem 218 to generate the visible aiming pattern 
ever , it will be apparent to one of ordinary skill in the art that to aid the operator in aiming the machine - readable symbol 
the techniques and devices described herein can be practiced reader 200 at the target characters 104 . In some implemen 
advantageously with stationary , bi - optic , or other types of tations , the aiming subsystem 218 may include a light source 
readers , scanners , cameras , or image processor systems . 35 220 ( e . g . , one or more LEDs , lasers , superluminescent 

The machine - readable symbol reader 100 may also diodes ) , a focusing lens 222 ( e . g . , collimator ) and a pattern 
include an aiming subsystem 120 , for example , positioned generator 224 ( e . g . , beam shaper ) for generating the desired 
on the front wall 114 of the scanning head portion 108 of the aiming pattern . 
reader . The aiming subsystem 120 may also be positioned In some implementations , the aiming pattern is used by 
behind the window 116 adjacent the image formation sub - 40 the operator to focus on the target characters 104 . Upon 
system . The aiming subsystem may project an aiming pat - focusing , the operator depresses a trigger 226 to read or 
tern ( not shown for clarity ) which allows the operator to aim capture an image of the target characters 104 . In some 
the machine - readable symbol reader 100 toward the char implementations , the machine - readable symbol reader 200 
acters 104 provided on the surface of the target object 102 . has a two - position trigger 226 , where the first position 

FIG . 2 is a block diagram of an imaging based machine - 45 activates the aiming subsystem 218 and the second position 
readable symbol reader 200 in accordance with at least some activates scanning . In some implementations , the machine 
implementations of the present disclosure . The machine - readable symbol reader 200 includes a motion detector 228 
readable symbol reader 200 may be similar or identical to ( e . g . , accelerometer ) that is used to activate the aiming 
the machine - readable symbol reader 100 of FIG . 1 . The subsystem 218 upon detection of movement of the reader , 
machine - readable symbol reader 200 includes an image 50 which may signify that an operator has picked up the reader 
formation subsystem 202 which captures image frames of for a scanning operation . 
graphical indicia such as the characters 104 of FIG . 1 present In some implementations , the machine - readable symbol 
in the field of view ( FOV ) of the image formation subsystem reader 200 may also include a flood illumination system 230 
202 . The reader 200 also includes one or more processors to illuminate the target characters 104 . The flood illumina 
204 operatively coupled to a nontransitory processor - read - 55 tion system 230 may direct a flood illumination pattern 
able storage medium 206 which stores OCR localization towards the target characters 104 . The illumination from the 
logic 208 and OCR classification logic 210 . Execution of the flood illumination system 230 may be reflected by the target 
OCR localization logic 210 by the processor 204 causes the characters 104 . The reflected light then passes through the 
processor 204 to localize individual characters in a digital imaging lens 214 and is focused onto the sensor array 216 
image , as discussed below . Execution of the OCR classifi - 60 of the image formation subsystem 202 . 
cation logic 208 by the processor 204 causes the processor As discussed further below , the OCR localization logic 
204 to classify or recognize characters within a localized 208 and the OCR classification logic 210 may process 
region of a digital image , as discussed below . The OCR images captured by the image formation subsystem 202 to 
localization logic 208 and the OCR classification logic 210 recognize characters . If the recognition process is success 
may be executed by the one or more processors 204 , for 65 ful , data representative of the recognized characters 104 may 
example , implementing a method 300 of FIG . 3 . In some then be output via a data input / output system 232 , which 
implementations , one or both of the OCR localization logic may include one or more of a wired / wireless communica 
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tions port , a display , LEDs , an audio output , touchscreen , more character lines . Generally , the at least one processor 
keys , buttons , etc . Upon a successful imaging and recog attempts to connect black dots ( e . g . , region 5B , region 6B ) 
nizing of the characters 104 , the input / output system 232 belonging to different columns to form character lines . More 
may provide feedback to the operator in the form of a visual specifically , the at least one processor identifies " edges , ” 
indicator and / or an audible indicator . 5 which are points where black / white transitions are found , 

FIG . 3 shows a method 300 for an image processor system and attempts to connect such identified edges . 
to recognize characters in a plurality of lines of characters in As a column is scanned from top to bottom , transitions 
a digital image . The method 300 may be implemented using from low variance to high variance signify a top of a 
any suitable image processor system . For example , the character line , and transitions from low variance to high 
method 300 may be executed by a machine - readable symbol 10 variance signify a bottom of a character line . If the character 
reader , such as the machine - readable symbol readers 100 lines in an image are horizontal with respect to the expected 
and 200 of FIGS . 1 and 2 , respectively . input orientation , the transitions for each of the columns A - H 

The method 300 is discussed below with reference to will be more or less the same . However , if the character lines 
FIGS . 4A - 4B and 5 - 7 . The method 300 begins at 302 , for are oriented at an angle , the edges in the rows in one column 
example , when a user picks up a machine - readable symbol 15 ( e . g . , column 2 ) will be higher or lower than the edges in the 
reader to scan characters ( e . g . , alphanumeric ) placed on a rows in an adjacent column ( e . g . , column 1 ) . 
target object or item ( e . g . , clothing , packaging , circuit board , As noted above , the at least one processor may consider 
driver ' s license , retail item , book ) . the transitions in each column and may try to match the 
At 304 , at least one processor of the image processor transitions with transitions in adjacent columns . For 

system receives an image file from the at least one nontran - 20 example , the at least one processor may try to match 
sitory processor - readable storage medium . For example , the transitions in column 1 with transitions in column 2 , match 
image processor system may retrieve an image file from transitions in column 2 with transitions in column 3 , and so 
storage , memory or a buffer . The image file may include a on . The matched transitions should have the same orienta 
two - dimensional array of pixels . Each of the pixels may tion or “ sign ” ( e . g . , low to high transition , high to low 
have a pixel value , such as a grayscale value . 25 transition ) . 

At 306 , the at least one processor of the image processor FIG . 4A shows a plurality of lines 404A - 404F ( collec 
system divides or partitions the image file into a two - tively , lines 404 ) which each may be generated based on the 
dimensional array of regions . FIGS . 4A and 4B show an matched edges between adjacent columns . Each of the 
example two - dimensional array 400 of regions 402 . The plurality of lines 404 represents a candidate direction or 
array 400 includes a number of rows A - H and a number of 30 orientation for the lines of characters in the image . There 
columns 1 - 15 of regions 402 . Each of the regions 402 may be many candidate directions , one for each pair of 
includes a plurality of the pixels . For example , an image may edges in adjacent columns with the same sign . The at least 
be divided into an array having eight columns and 128 rows . one processor may produce real edges which should be 
The size ( or number ) of the columns 1 - 15 and the rows A - H retained , and edges which are noise which should be dis 
may be configurable based on expected minimum / maximum 35 carded . For each candidate line 404 , a score may be gener 
size of the characters to be recognized . If the minimum ated which indicates a likelihood that the direction repre 
maximum sizes of the characters or the length of the sented by the line is the actual direction of the lines of 
character lines are not known , in some implementations the characters in the image . 
at least one processor may try localizing and classifying In FIG . 4A , the shaded " black " boxes represent regions 
characters using different sets parameters for the columns 40 determined to likely contain foreground ( characters ) . FIG . 
and rows . 4B shows a text box 1 and a text box 2 surrounding the black 

At 308 , for each of the plurality of regions 402 , the at least boxes which the at least one processor has determined to 
one processor may determine a characteristic value indica - comprise lines of characters . As shown in FIG . 4B , there are 
tive of whether the region contains foreground ( characters ) also noisy regions ( e . g . , regions 2D , 7E , 11D and 14D ) 
or background . Such characteristic value may be determined 45 which do not belong to either of text box 1 or text box 2 . 
by applying a function which depends on variance , energy , As shown in FIG . 4A , the at least one processor has 
minimum grayscale level , and / or maximum grayscale level , identified the plurality of lines 404 which each represent a 
for example . Advantageously , when a transition occurs in candidate direction for the lines of characters . In column 1 , 
the image from an inter - line space to a line of characters the lines 404A and 404F are real edges because such lines 
( " character line ” ) , or vice versa , the function values change 50 separate the bottom of a character line from an inter - line 
significantly , which allows for identification of character space or zone . However , the lines 404B - 404E are not real 
line regions and inter - line regions between character lines . edges and , as such , are false positives . 
Generally , in order to not be affected by perspective defor - The at least one processor may determine which direction 
mation ( e . g . , skew or warped lines ) , lines are not traced is the real and best direction from all of the possible 
horizontally through the entire width of the image ( e . g . , 55 directions . This may be achieved by counting the number of 
through columns A - H of the array 400 of FIGS . 4A - 4B ) , but same sign edges which each of the candidate direction lines 
instead are traced column - by - column . The characteristic encounter on its respective path across the columns . For 
value ( e . g . , energy or variance ) is thus calculated across each example , the line 404A encounters edges of the same sign at 
of the columns 1 - 15 , or at least portions thereof . columns 1 , 3 , 5 , 6 , 10 , 12 , and 15 . Similarly , the line 404F 
As shown in FIG . 4A , the result of determining the 60 encounters edges of the same sign at columns 1 , 3 , 5 , 8 , 10 , 

plurality of characteristic values for the array 400 of regions 12 , and 14 . Thus , the vote or score for lines 404A and 404F 
402 is a plurality of “ dots ” ( variance values ) , where " white " will be relatively high . In contrast , the lines 404B - 404E 
( low variance ) region dots are likely to correspond to encounter relatively few same sign edges across the col 
inter - line regions and “ black ” ( high variance ) region dots are umns . Accordingly , the vote or score for the directions 
likely to correspond to characters . 65 represented by the lines 404B - 404E will be relatively low . 
At 310 , the at least one processor analyzes the determined In some implementations , the scores for similar candidate 

characteristic values of the regions 402 to identify one or directions may be summed or merged . For example , the 
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scores for the horizontal lines 404A and 404F may be column 1 . Peaks correspond to inter - character gaps because 
summed , so the total score for the horizontal direction characters are separated by background areas . In contrast , 
represented by these lines will become even greater than inside a character there are several foreground regions , so 
other scores . Thus , in the end the at least one processor the summed intensity value is lower . It should be appreciated 
generates a vote or score for each of the directions which 5 that using this method , the inter - character spaces do not need 
were found , possibly merging the similar directions ( e . g . , to be completely background areas . There can be some noise 
within 10 degrees bands ) . ( e . g . , block 5C , 10G , 13H ) , but since the at least one The at least one processor may select the highest score as processor sums along the columns , the sum will still be high the most probable direction for the character lines . In some even with the noise . Further , using this method , inter implementations , the number of directions evaluated may 10 character spacing may be detected between characters that depend on the number of transitions with the same sign are touching ( i . e . , not fully separated by background ) , so found in the image . In some implementations , the at least 
one processor may evaluate directions which are + / - 30° long as the entire inter - character space is not foreground . 

Referring to FIG . 6 , the at least one processor may with respect to the expected input direction . Once the 
direction of the character lines has been found the at least 15 analyze the intensity profile 602 to find transitions between 
one processor knows where characters are located and where low values ( foreground ) to high values ( background ) . The at 
background areas are located , as indicated by text boxes 1 least one processor may find the most frequent distance 
and 2 shown in FIG . 4B . between corresponding values . Descending edges corre 

At 312 , the at least one processor analyzes the determined spond to transitions from background to foreground , while 
characteristic values for the regions within each line of 20 ascending edges correspond to transitions from foreground 
characters to determine a probable inter - character spacing to background . In some implementations , the at least one 
for each line . FIGS . 5 and 6 illustrate one possible imple - processor may consider all same sign transitions ( e . g . , 
mentation of this act . In particular , FIG . 5 shows a text box descending transitions from columns 1 - 2 , 6 - 7 and 11 - 12 ) . descending transitions from columns 1 - 2 6 - 7 and 11 - 12 ) 
3 for a character line which includes a plurality of regions . The distances or widths of those same sign transitions 
500 . FIG . 6 shows a graph 600 of a variance / intensity profile 25 correspond to the inter - character spacing . The at least one 
602 for each of the columns 1 - 15 of the text box 3 of FIG . processor may determine the most frequently occurring 

inter - character spacing or width , which is the one with Generally , the at least one processor may sample the text agrees with most of the characters in the line of characters . box 3 containing the character line horizontally with respect Thus , the at least one processor has identified character lines 
to the determined orientation for the text box . The at least 30 in the image , inter - line spacing , candidate dimensions of one processor may analyze the text box 3 to find the character boxes , and probable inter - character spacing . edge - to - edge transitions , which include the transitions in At 314 , the at least one processor identifies a starting which the signals move from low to high , and the transitions character region in each of the identified character lines in which the signals move from high to low . Each of the 
transitions corresponds to a transition from a background 35 as based at least in part on the determined characteristic values 
area ( inter - character gap ) to the foreground character , or and the determined probable inter - character spacing . To 
from the foreground character to a background area . The at achieve such , the at least one processor may use the same 
least one processor calculates the distances between adjacent signal used to find the probable inter - character spacing . 
transitions of the same sign . Each of the calculated distances More specifically , the at least one processor may look at 
represents a candidate inter - character spacing . The at least 40 which of the characters in a character line agrees most with 
one processor may identify the most frequently occurring of the determined probable inter - character spacing . For 
such distances , and may determine such distance is the example , if the at least one processor determines that the 
probable inter - character spacing for a particular character most frequent inter - character spacing is 13 regions , the at 

least one processor may look at the distances between the 
In the text box 3 shown in FIG . 5 , a vertical set of scan 45 same sign transitions and determine which of them is most 

lines 502 is used to generate a plurality of summed intensity similar to 13 . In some implementations , for each candidate 
values . It is noted that the text box may be oriented with a starting character box or region , the at least one processor 
generic angle , so the term " vertical " is used with respect to checks the position of the end of a previous character region 
the angle of the text box . Such allows for decoding of relative to the position of the end of the candidate character 
characters in an omnidirectional way by simply attempting 50 region , and also checks the position of the start of a next 
to localize and decode through several rotated regions ( e . g . , character region relative to the position of the start of the 
0° , 30° , 45° , 60° , 90° ) . As shown in FIG . 6 , the result is the candidate character region . The candidate character region 
signal or profile 602 which has greater values at the inter - which has an inter - character spacing which is the most 
character gaps between each character . As noted above , the similar to the determined probable inter - character spacing is 
at least one processor sums the vertical set of scan lines 502 55 selected as the starting character region . 
using the previously determined orientation . Higher inten Once the at least one processor has identified a starting 
sity values , represented as solid scan lines 502 , correspond character region or box , the at least one processor may 
to a space between two characters , and lower values , rep - position a pointer in the middle of the region . At this point , 
resented as dashed scan lines 502 , correspond to characters . in some implementations the text box ( e . g . , text boxes 1 and 

The at least one processor locates the frequency between 60 2 of FIG . 4B ) around the character line may be discarded . 
the maximum values in the intensity profile 602 , which At 316 , the at least one processor recognizes the character 
provides the inter - character spacing . For example , in the within the starting character box . In some implementations , 
graph 600 of FIG . 6 , a first peak 604 corresponds to the sum the starting character box may first be refined by looking for 
of all the values in column 1 of FIG . 5 . Since the regions in edges of the character to generate a refined box which only 
column 1 are all background areas ( white ) , the sum is high . 65 contains the extent of the character to be recognized . As 
In column 2 , there is a lot of foreground . Thus , the intensity discussed above , a character box may be a generic shape of 
value 606 for column 2 is much lower than the value 604 for a number ( e . g . , 4 ) of sides , dependent on the tilt , skew , 

line . 
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geometric distortion , etc . , of the character . Such allows for refine the character box for the classified character based on 
high performance classification even under poor acquisition the determined specific classified character . The at least one 
conditions . processor may continue moving to the left , locating and 

The starting character within the refined box may be classifying characters , until the left end of the character line 
classified using any suitable classifier . FIG . 7 shows an 5 is reached . Then , the at least one processor may move one 
example implementation of a binary decision tree classifier character box to the right of the starting character and repeat 
which utilizes progressive scans to classify characters “ A ” the process or locating and classifying characters until the 
and “ P ” in an array 700 . For example , a first scan , indicated right end of the character line is reached . The at least one 
by arrows 702 in the center of the illustrated characters “ A ” processor may repeat this procedure for all identified char 
and “ P , ” looks for a specific sequence of edges in the vertical 10 acter lines in the image . 
direction of the character which is compatible with both the Using the implementations discussed herein , the size and 
characters “ A ” and “ P , ” but not compatible with the char position of lower quality characters are estimated based on 
acters “ O ” and “ T . ” A vertically oriented graph line 706 the knowledge about box size and orientation for higher 
depicts the edges found for the characters “ A ” and “ P ” by quality characters , thus reducing errors . Existing methods 
the first scan . A second scan , indicated by an arrow 704 , is 15 first estimate all character boxes , and then classify the 
in the horizontal direction near the bottom of the characters characters . In contract , one or more implementations dis 
“ A ” and “ P . ” Horizontally oriented graph lines 708 and 710 cussed herein first estimate “ best ” boxes , then classify 
depict the edges found during the second scan for the characters , then bounce back to estimate adjacent boxes , 
characters “ A ” and “ P , ” respectively . Through the horizontal then classify again , and so on . Advantageously , using such 
scan , a signal which is compatible with the character “ A ” but 20 implementations it is significantly easier to follow curved or 
not with the character “ P ” may be identified , thus unequivo - inclined text , and to correct perspective distortion , because 
cally identifying the characters “ A ” and “ P . ” box size is not determined beforehand , thus the process 

Generally , at each branch in the binary decision tree dynamically corrects box size and orientation . 
classifier , the at least one processor tries to narrow down the Further , even if the inter - character spacing is not constant , 
possible characters starting from all possible characters and 25 the implementations discussed herein can adapt to the vari 
traversing the tree until a leaf node is reached . If no character able inter - character spacing since only one character is 
is determined , the at least one processor may report that no processed at a time after an adjacent character has been 
character was recognized . processed . Advantageously , the implementations discussed 

In some implementations , each of the branches in the herein are also able to detect characters which are merged 
decision tree may also output a confidence level . For 30 together without background space ( e . g . , white space ) 
example , a particular vertical scan may output that 4 edges between them . For example , if there are two adjacent 
were detected with a confidence level of 70 % . The at least characters which are connected , the implementations dis 
one processor may determine whether the overall confidence cussed herein separate the two characters since where each 
of at end of the decision tree is above a threshold . If the character should be positioned is known . 
confidence level is below the threshold , the at least one 35 The foregoing detailed description has set forth various 
processor may report that no character was recognized . implementations of the devices and / or processes via the use 
Alternatively , the at least one processor may back up on the of block diagrams , schematics , and examples . Insofar as 
classification tree , find the decision point with the lowest such block diagrams , schematics , and examples contain one 
confidence level , take the other branch , and reclassify . If the or more functions and / or operations , it will be understood by 
final confidence level taking the alternative path is higher 40 those skilled in the art that each function and / or operation 
than the confidence level of the previously traversed path , within such block diagrams , flowcharts , or examples can be 
the at least one processor may choose the decision with the implemented , individually and / or collectively , by a wide 
higher confidence level as the result . Or , if the second final range of hardware , software , firmware , or virtually any 
confidence level is also below the threshold , the at least one combination thereof , any of which may be referred to herein 
processor may report that no character was recognized . 45 as one or more processors . In one implementation , the 

At 318 , the at least one processor may determine the present subject matter may be implemented via Application 
locations of adjacent character regions within each character Specific Integrated Circuits ( ASICs ) . However , those skilled 
line . The at least one processor may start from the high in the art will recognize that the implementations disclosed 
quality starting character determined at 314 and estimate the herein , in whole or in part , can be equivalently implemented 
size and location of the box enclosing the next neighbor , to 50 in standard integrated circuits , as one or more computer 
the left or right of the starting character , based on the programs running on one or more computer systems , micro 
determined probable inter - character spacing and the starting controllers , microprocessors , digital signal processors , 
character box size . In some implementations , after the graphics processing units , as firmware , or as virtually any 
starting character has been classified , the starting character combination thereof , and that designing the circuitry and / or 
box may be refined knowing the specific classified character . 55 writing the code for the software and or firmware to imple 
Such allows for more accurate estimation of the location of ment one or more processors or controllers would be well 
adjacent characters , especially when the classified character within the skill of one of ordinary skill in the art in light of 
has an unusual width ( e . g . , the character “ 1 ” ) . this disclosure . 

At 320 , the at least one processor recognizes characters Those of skill in the art will recognize that many of the 
within adjacent regions for each character line until all of the 60 methods or algorithms set out herein may employ additional 
characters have been recognized . For example , the at least acts , may omit some acts , and / or may execute acts in a 
one processor may move one character box to the left of the different order than specified . 
starting character for the line . The at least one processor may In addition , those skilled in the art will appreciate that the 
refine the box for that character to produce a refined box mechanisms taught herein are capable of being distributed as 
which encompasses only the extent of the character . The at 65 a program product in a variety of forms , and that an 
least one processor may input the refined box into a suitable illustrative implementation applies equally regardless of the 
classifier , as discussed above . The at least one processor may particular type of signal bearing media used to actually carry 
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and 

out the distribution . Examples of signal bearing media selects the determined most frequent distance as 
include , but are not limited to , the following : recordable type the probable inter - character spacing ; 
media such as floppy disks , hard disk drives , CD ROMs , identifies a starting character region based at least in 
digital tape , and computer memory . part on the determined characteristic values and 

The various implementations described above can be 5 the determined probable inter - character spacing ; 
combined to provide further implementations . Aspects of the 
implementations can be modified , if necessary , to employ recognizes a character within the starting character 
systems , circuits and concepts of the various patents , appli region . 
cations and publications to provide yet further implementa 2 . The image processor system of claim 1 wherein the at 
tions . 10 least one processor : 

These and other changes can be made to the implemen - for each line of the identified one or more lines of 
tations in light of the above - detailed description . In general , characters , 
in the following claims , the terms used should not be identifies an adjacent character region which is adjacent 
construed to limit the claims to the specific implementations the starting character region based at least in part on 
disclosed in the specification and the claims , but should be 15 the determined probable inter - character spacing ; and 
construed to include all possible implementations along with recognizes a character within the adjacent character 
the full scope of equivalents to which such claims are region . 
entitled . Accordingly , the claims are not limited by the 3 . The image processor system of claim 1 wherein the at 
disclosure . least one processor : 

20 for each line of the identified one or more lines of 
The invention claimed is : characters , 
1 . An image processor system , comprising : iteratively identifies character regions adjacent a pre 
at least one processor ; and viously identified character region based at least in 
at least one nontransitory processor - readable storage part on the determined probable inter - character spac 
medium communicatively coupled to the at least one 25 ing and a location of the previously identified char 
processor and which stores at least one of processor acter region ; and 
executable instructions or data , wherein in use the at recognizes a character within each of the identified 
least one processor : character regions . 
receives an image file from the at least one nontransi - 4 . The image processor system of claim 1 wherein the at 

tory processor - readable storage medium , the image 30 least one processor : 
file comprising a two - dimensional array of pixels , for each column , analyzes the determined characteristic 
each of the pixels having a pixel value ; values of the regions in the column to identify transi 

partitions the image file into a two - dimensional array of tions between foreground and background ; and 
regions comprising a plurality of rows and a plurality compares the identified transitions in adjacent columns to 
of columns , each of the regions comprising a plu - 35 identify the one or more lines of characters . 
rality of the pixels ; 5 . The image processor system of claim 4 wherein the at 

for each region , determines a characteristic value least one processor : 
indicative of whether the region contains foreground compares the identified transitions in adjacent columns to 
or background ; identify a probable angle of orientation for the identi 

analyzes the determined characteristic values of the 40 fied one or more lines of characters . 
regions to identify a number of candidate directions 6 . The image processor system of claim 1 wherein the at 
or orientations for straight lines of characters in the least one processor : 
image ; for each line of the identified one or more lines of 

selects one of the number of candidate directions or characters , 
orientations for straight lines of characters in the 45 analyzes the determined characteristic values to detect 
image based at least in part on the analyzed deter transitions between foreground and background ; and 
mined characteristic values of the regions to identify compares the detected transitions with the determined 
one or more lines of characters ; probable inter - character spacing to identify the start 

for each line of the identified one or more lines of ing character region . 
characters , 50 7 . The image processor system of claim 1 wherein the at 
analyzes the determined characteristic values for the least one processor : 

regions within the line to determine a probable inputs image data corresponding to the starting character 
inter - character spacing , wherein , to analyze the region into a trained classifier to recognize a character 
determined characteristic values , the at least one within the starting character region . 
processor : 55 8 . A method of operation in an image processor system for 
sums the characteristic values of the regions recognizing one or more characters in an image file , the 
within each column within the line to generate image file comprising a two - dimensional array of pixels , 
an intensity profile for the line ; and each of the pixels having a pixel value , the method com 

analyzes the intensity profile to determine the prising : 
probable inter - character spacing , wherein to 60 receiving , by at least one processor , the image file from at 
analyze the intensity profile , the at least one least one nontransitory processor - readable storage 
processor : medium communicatively coupled to the at least one 
analyzes the intensity profile to identify transi processor ; 
tions between foreground and background ; partitioning , by the at least one processor , the image file 
determines a most frequent distance between 65 into a two - dimensional array of regions comprising a 
the identified transitions between foreground plurality of rows and a plurality of columns , each of the 
and background ; and regions comprising a plurality of the pixels ; 
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for each region , determining , by the at least one processor , comparing , by the at least one processor , the identified 
a characteristic value indicative of whether the region transitions in adjacent columns to identify the one or 
contains foreground or background ; more lines of characters . 

analyzing , by the at least one processor , the determined 12 . The method of claim 11 , further comprising : 
characteristic values of the regions to identify a number 5 comparing , by the at least one processor , the identified 
of candidate directions or orientations for straight lines transitions in adjacent columns to identify a probable 
of characters in the image ; angle of orientation for the identified one or more lines 

selecting , by the at least one processor , one of the number of characters . 
of candidate directions or orientations for straight lines 13 . The method of claim 8 wherein identifying a starting 
of characters in the image based at least in part on the 10 character region comprises : 
analyzed determined characteristic values of the for each line of the identified one or more lines of 
regions to identify one or more lines of characters ; characters , 

for each line of the identified one or more lines of analyzing , by the at least one processor , the determined 
characters , characteristic values to detect transitions between 
analyzing , by the at least one processor , the determined 15 foreground and background ; and 

characteristic values for the regions within the line to comparing , by the at least one processor , the detected 
determine a probable inter - character spacing , transitions with the determined probable inter - char 
wherein analyzing the determined characteristic val acter spacing to identify the starting character region . 
ues comprises : 14 . The method of claim 8 wherein recognizing a char 
summing , by the at least one processor , the charac - 20 acter within the starting character region comprises input 

teristic values of the regions within each column ting , by the at least one processor , image data corresponding 
within the line to generate an intensity profile for to the starting character region into a trained classifier to 
the line ; and recognize a character within the starting character region . 

analyzing , by the at least one processor , the intensity 15 . An image processing system , comprising : 
profile to determine the probable inter - character 25 at least one processor ; and 
spacing , wherein analyzing the intensity profile at least one nontransitory processor - readable storage 
comprises : medium communicatively coupled to the at least one 
analyzing , by the at least one processor , the inten processor and which stores at least one of processor 

sity profile to identify transitions between fore executable instructions or data , wherein in use the at 
ground and background ; least one processor : 

determining , by the at least one processor , a most partitions an image file into a two - dimensional array of 
frequent distance between the identified transi regions comprising a plurality of rows and a plurality 
tions between foreground and background ; and of columns , each of the regions comprising a plu 

selecting , by the at least one processor , the deter rality of pixels each including a pixel value ; 
mined most frequent distance as the probable 35 for each region , determines a characteristic value 
inter - character spacing ; indicative of whether the region contains foreground 

identifying , by the at least one processor , a starting or background ; 
character region based at least in part on the deter for each column , analyzes the determined characteristic 
mined characteristic values and the determined prob values of the regions in the column to identify 
able inter - character spacing ; and transitions between foreground and background ; 

recognizing , by the at least one processor , a character compares the identified transitions in adjacent columns 
within the starting character region . to identify one or more candidate directions or 

9 . The method of claim 8 , further comprising : orientations for straight lines of characters in the 
for each line of the identified one or more lines of image ; 

characters , 45 analyzes the identified transitions in adjacent columns 
identifying , by the at least one processor , an adjacent to select one of the one or more candidate directions 

character region which is adjacent the starting char or orientations for straight lines of characters in the 
acter region based at least in part on the determined image to identify one or more lines of characters ; 
probable inter - character spacing ; and for each line of the identified one or more lines of 

recognizing , by the at least one processor , a character 50 characters , 
within the adjacent character region . analyzes the determined characteristic values to 

10 . The method of claim 8 , further comprising : detect transitions between foreground and back 
for each line of the identified one or more lines of ground , the transitions being horizontal with 

characters , respect to the identified probable angle of orien 
iteratively identifying , by the at least one processor , 55 tation for the identified one or more lines of 

character regions adjacent a previously identified characters ; 
character region based at least in part on the deter analyzes the transitions between foreground and 
mined probable inter - character spacing and a loca background to determine a probable inter - charac 
tion of the previously identified character region ; and ter spacing , wherein , to analyze the transitions , the 

recognizing , by the at least one processor , a character 60 at least one processor : 
within each of the identified character regions . sums the characteristic values of the regions 

11 . The method of claim 8 wherein analyzing the deter within each column within the line to generate 
mined characteristic values of the regions comprises : an intensity profile for the line ; and 

for each column , analyzing , by the at least one processor , analyzes the intensity profile to determine the 
the determined characteristic values of the regions in 65 probable inter - character spacing , wherein , to 
the column to identify transitions between foreground analyze the intensity profile , the at least one 
and background ; and processor : 

40 
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analyzes the intensity profile to identify transi 
tions between foreground and background ; 
determines a most frequent distance between 
the identified transitions between foreground 
and background ; and 5 

selects the determined most frequent distance as the 
probable inter - character spacing ; 

compares the detected transitions with the deter 
mined probable inter - character spacing to identify 
a starting character region ; and 

recognizes a character within the starting character 
region . 

16 . The image processor system of claim 15 wherein the 
at least one processor : 

for each line of the identified one or more lines of 1 
characters , 
identifies an adjacent character region which is adjacent 

the starting character region based at least in part on 
the determined probable inter - character spacing ; and 

recognizes a character within the adjacent character 
region . 

17 . The image processor system of claim 15 wherein the 
at least one processor : 

for each line of the identified one or more lines of 
characters , 
iteratively identifies character regions adjacent a pre 

viously identified character region based at least in 
part on the determined probable inter - character spac 
ing and a location of the previously identified char 
acter region ; and 

recognizes a character within each of the identified 
character regions . 

18 . The image processor of claim 15 wherein the at least 

10 

inputs image data corresponding to the starting character 
region into a trained classifier to recognize a character 
within the starting character region . 

* * * * * 


